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INITIAL CONDENSATION COMPARISON OF R-22 WITH 
R-134a AND R-32/R-12S 
M.K. Dobson, J.C. Chato, S.P. Wang, D. Hinde, J. Gaibel 
ABSTRACT 
Condensation heat transfer data are reported for R-22 and two potential 
replacements: R-134a, and a 60%/40%, azeotropic mixture of R-32 and R-125. All 
condensation data were collected in an 0.18" ID (4.572 mm), smooth copper tube. The 
heat transfer data are compared directly with one another, as well as with heat transfer 
correlations developed within the ACRC for the wavy and the annular flow regimes. At 
constant mass flux, the heat transfer coefficients of the three refrigerants were nearly 
identical in both the annular and the wavy flow regimes. This agreed with predictions of 
the correlations. The pressure drop was highest for R-134a, followed by R-22 and R-
32/R-125. The condensation heat transfer correlations developed in the ACRC were found 
to fit the data quite well for each of the refrigerants. 
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SYMBOLS 
Ac 
cp 
D 
g 
G 
Ga 
h 
ilv 
kl 
Nu 
Prl 
NOMENCLATURE 
cross sectional area 
specific heat at constant pressure 
inner tube diameter 
acceleration due to gravity 
ri1 
mass flux, -
Ac 
gD3pf Galileo number, ~..,........ Il~ 
heat transfer coefficient 
heat of vaporization 
liquid thermal conductivity 
hD Nusselt number, -
kl 
liquid Prandtl number, III cpl 
kl 
superficial liquid Reynold's number, G D (1- x) 
III 
x Vapor quality 
Xu turbulent-turbulent Lockhart-Martinelli parameter{ :: r (~ r c :x r 
GREEK SYMBOLS 
AP pressure difference 
AT temperature difference 
III liquid dynamic viscosity 
Ilv vapor dynamic viscosity 
PI liquid density 
pv vapor density 
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INTRODUCTION 
The phase-out of CFC and HCFC refrigerants and their replacement with HFCs has 
posed many technical challenges for designers of refrigeration equipment. One of the 
most basic of these questions is predicting the two-phase heat transfer and pressure drop of 
the new, alternative refrigerants. This has been the focus of ACRC Project 01 since its 
inception. This report discusses recent progress on the condensation studies. 
ACRC Technical Report 26 (TR-26) presented condensation data for R-12 and its 
replacement, R-134a. The data in the report spanned a wide range of mass fluxes, 
providing data in wavy, wavy-annular, and annular flow regimes. Recently, ACRC TR-38 
presented correlations for the annular and wavy flow regimes which were developed based 
on the R-134a and R-12 data, as well as a criterion for detennining which flow regime is 
expected to prevail at a given set of operating conditions. The present report focuses on R-
22 and two potential replacements: R-134a and a 60%/40%, azeotropic mixture of R-32 
and R-125. Data were taken for all refrigerants over a wide range of mass fluxes and 
qualities, obtaining significant quantities of data in both the wavy and annular flow 
regimes. All data were taken in an 0.18" ID (4.572 mm), smooth copper tube. This report 
will briefly compare the thennal and transport properties of the three refrigerants, the 
conditions at which data were taken, present the experimental results, and provide a short 
discussion and concluding remarks. 
COMPARISONS BASED ON PROPERTIES AND CORRELATIONS 
Before the heat transfer data are presented, it is worthwhile to look briefly at the 
relevant thennodynamic and transport properties of the three refrigerants. These properties 
are presented in Table 1 for a saturation temperature of 95 OF (35°C). All properties for R-
134a and R-32/R-125 are based on output from the REFPROPS 3.0 and 3.Ox programs by 
the National Institute of Standards and Technology (NIST). Properties for R-22 are based 
on data from the ASHRAE Fundamentals, because discrepancies in the liquid conductivity 
and liquid viscosity output from REFPROPS for R-22 were noted at condensation 
temperatures. 
The most pronounced property difference in the three fluids is the saturation 
pressure. The R-32/R-125 azeotrope has a significantly higher pressure than R-22, while 
R-134a has a significantly lower saturation pressure. This effect propagates throughout 
many of the other properties. The reduced pressure is directly affected, with R-32/R-125 
having about a factor of 2 higher reduced pressure than R-134a. A higher reduced pressure 
leads to a lower liquid/vapor density ratio, which physically manifests itself in a reduced 
velocity difference between the vapor and liquid phases. This results in an increased 
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occurrence of wavy or stratified flow, lower pressure drop, and on its own, lower heat 
transfer in the annular flow regime. The transport properties of the R-32/R-125 mixture are 
very good, with a 7% increase in conductivity over R-22 and a 30% decrease in the liquid 
viscosity. 
Table 1 - Comparison of properties for R-22, R-134a, and R-32/R-125. 
Psat (psia) 196.8 128.8 (-35%) 315 (+60%) 
Pred 0.27 0.21 (-22%) 0.43 (+59%) 
kl (Btu/hr-ft-R) 0.0478 0.0429 (-10%) 0.0511 (+7%) 
III (lbr/ft-hr) 1. lOx 10-9 1. lOx 1 0-9 (+0%) 7.76x10-10 (-30%) 
ilv (BtuIlbm) 73.5 72.4 (-1.5%) 82.20 (+12%) 
cpl (BtuIlbm-R) 0.31 0.35 (+13%) 0.33 (+7%) 
PI (lbnJft3) 71.8 72.9 (+1%) 63.0 (-12%) 
pv (lbnJft3) 3.59 2.71 (-24%) 4.84 (+35%) 
Pl/Pv 19.8 26.9 (+36%) 13.0 (-34%) 
11.6 12.0 9.6 
ACRC TR-38 [Dobson et al., 1993] presented condensation heat transfer 
correlations for the annular and wavy flow regimes. These correlations will be used in 
conjunction with the properties from Table 1 to compare the predicted heat transfer 
perfonnance of the three refrigerants. In the annular flow regime, the following correlation 
is recommended: 
Nu = hD =0.06 Reo.sPr0.3_1_ 
ann k I I XO.sQS 
I It 
(1) 
With some algebraic manipulations, the annular flow correlation can be manipulated to 
show that h is proportional to the following quantity: 
h oc I cpl.B. Ilv * R(x) GO.SkO.7 0.3 ( JO.4( JO.08 
aDIIIIlar DO.21l~.S Pv III (2) 
( 1 )0.08 where: R(x) = xO•s : x 
If we restrict comparisons to a single tube and equivalent mass flux (same G and D), the 
thermodynamic and transport properties preceding the function R(x) in Eq. 2 can be 
thought of as an annular flow perfonnance index. Substituting the property values from 
Table 1, we fmd that both R-134a and R-32/R-125 should give about an 8% increase in h 
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over R-22 at equivalent G, x, and D. This is well within the range of uncertainty of the 
correlation, which can be expected to give a mean deviation of around 10%. Instead, if the 
comparison is made instead based on an equivalent cooling capacityl, Eq. (2) would 
predict a 10% increase in h for R-134a and a 6% decrease in h for R-32/R-125. 
For the wavy flow regime, the following correlation is recommended: 
Nu = 0.375[gP1(Pl -Pv)D3i~v]0.2S 
wavy X O•23 Il aT k 
u 1 1 
Manipulating Eq. 3, we find that h is proportional to the following quantity: 
h oc [PI (PI - Pv)k~i~v]O'2S(.&)O'l1S(llv )o.cw * Q(x) 
wavy Dill aT Pv III 
( )
0.207 
where: Q(x) = 2-
I-x 
(3) 
(4) 
The quantity preceding the Q(x) tenn can be thought of as a perfonnance index for wavy 
flow. Utilizing the property values from Table 1, Eq. (4) predicts a 4% decrease in h for 
R-134a and a 5% increase in h for R-32/R-125 when compared to R-22 in the wavy flow 
regime. Since wavy flow condensation is independent of mass flux, this conclusion would 
be valid for either a constant mass flux or a constant cooling capacity. Again, the small 
differences in heat transfer that are predicted are well within the uncertainty of the 
correlation. 
An important factor to be detennined is which correlation, Eq. (1) or Eq. (3), 
should be used for a given set of operating conditions. This question basically amounts to 
one of flow regime prediction. It was shown in ACRe TR-38 that the wavy to wavy-
annular and wavy-annular to annular correlations could both be detennined based on a 
Froude number, Fr [Soliman, 1982]. The Froude number represents the ratio of liquid 
inertia forces to liquid gravitational forces. At low Froude numbers, gravitational forces 
dominate resulting in wavy flow. At higher Froude numbers, inertial forces overwhelm 
gravitational forces resulting in annular flow. Soliman's definition of the Froude number 
can be written as: 
Fe = O.025R.;·"e +1~X~'" r ~., for Re,. S 1250 
( 1 + 1 09XO.039 )1.5 1 Fr= 1.26 Re1•04 • U -- forRe >1250 
1 X Gao.s 1 
u 
1 Based on the ratio of latent heats at 41 QF. this increases G for R-134a by 3% and decreases it for R-
32/R-125 by 16% 
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(5a) 
(5b) 
gD3 2 
where: Ga = fl = Galileo number 
J.11 
ACRC TR-38 showed that the flow regime boundaries can be stated in tenns of the Froude 
number as follows: 
Fr<7 
7§,rS;18 
Fr> 18 
wavy flow 
wavy-annular flow 
annular flow 
For the purposes of predicting condensation heat transfer, we recommend using Eq. (1), 
the annular flow correlation, for Fr> 15 and Eq. (3), the wavy flow correlation, for Fr<10. 
For values of the Froude number between 10 and 15, we currently recommend linearly 
interpolating between the values predicted by Eq. (1) and Eq. (3) based on the Froude 
number. Work will continue to come up with more definitive boundaries for the 
correlations and a simpler way of predicting heat transfer in the range of Fr between 10 and 
15. 
Utilizing the Souza correlation for the frictional pressure drop [Souza et al., 1992], 
it can be shown that the frictional pressure drop is approximately proportional2 to the 
following: 
(AP) oc (a)O.83(J.1v )O.2C11 [G X]1.7:.~~.75 (1- X)O.302 
Az 1 Pv J.11 PlD x 
(6) 
Utilizing the properties in Table 1 to compare the expected pressure drop of the three fluids, 
we fmd that at constant G, x, and D, R-134a should have about 25% higher pressure drop 
than R-22 while R-32/R-125 should have about 25% lower pressure drop than R-22. If 
the comparison were instead based on a constant cooling capacity, Eq. (5) predicts a 32% 
higher pressure drop for R-134a and a 42% lower pressure drop for R-32/R-125, both 
compared to R-22. 
TEST MATRIX 
Condensation data comparisons are reported herein for each fluid at a saturation 
temperature of 95 OF (35 DC). This temperature was selected for comparisons for three 
reasons: (1) R-134a data had already been collected at this temperature, so it was not 
necessary to repeat experiments, (2) lower experimental uncertainties resulted due to lower 
test-section heat losses, and (3) if the correlations were found to fit the data acceptably, 
results could be predicted at higher temperatures. Testing was performed at four mass 
fluxes: 55, 110, 220, and 365 klbm/ft2-hr. Additional data are presented in tabular form for 
2This is approximate in the sense that it assumes that the two-phase multiplier, cII12, is large compared to 1. 
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R-32/R-125 at a saturation temperature of 113 OF (45°C). Details of the experimental 
apparatus and procedure can be found in ACRe TR-26 [Hinde et al., 1992]. 
EXPERIMENTAL RESULTS 
The experimental data for R-22, R-134a, and R-32/R-125 at 95 OF (35°C) are 
presented in Tables 2, 3, and 4, respectively. Table 5 contains condensation data for R-
32/R-125 at a saturation temperature of 113 OF (45°C). The "a" and "b" versions of each 
of the tables correspond to SI and IP units, respectively. Tables 2 through 5, as well as all 
of the figures, appear at the end of the report due to their length. 
The flow regimes which were encountered in the experiments were somewhat 
different for the three fluids due primarily to their different reduced pressures. At a lower 
reduced pressure and a given mass flux, the phase velocity differences are higher which 
results in more of the quality range being occupied by annular flow. Thus, at a given mass 
flux, annular flow was experienced for more of the quality range for R-134a, followed in 
order by R-22 and R-32/R-125. Table 6 lists the approximate quality range that was 
occupied by wavy flow and annular flow for each mass flux and refrigerant. 
55 
110 
220 
365 
Table 6 - Approximate quality ranges occupied by each flow regime 
for the three refrigerants. 
0-1 None 0-1 None 0-1 None 
0-0.5 0.5-1 0-0.6 0.6-1 0-1 None 
0-0.25 0.25-1 0-0.3 0.3-1 0-0.4 0.4-1 
0-0.15 0.15-1 0-0.2 0.2-1 0-0.3 0.3-1 
Figure 1 presents a comparison of the heat transfer coefficients for each of the 
refrigerants at a mass flux of 55 klbm/ft2-hr. This data was exclusively in the wavy or 
stratified flow regime for each of the refrigerants. The y-axis of the figure is h*ATO.25 to 
account for varying temperature differences between the refrigerant and wall for the 
different experiments. This dependence on ATo.25 is predicted by the wavy flow 
correlation, Eq. (3). While the variation of h with quality seems to be slightly different for 
the three refrigerants, the mean value of h*ATO.25 at 50% quality is nearly identical for each 
of them. Some of the scatter in the plot may be because the heat transfer coefficient may 
depend on AT to a power slightly less than 0.25. In this case, the correction applied to 
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account for variable temperature differences would not work perfectly and comparisons 
could only be made for tests with identical AT. The 0.25 power dependence is based on 
heat transfer by conduction only, and any effects due to convection would tend to reduce 
this dependence. While this effect will be studied in more detail in the future, the primary 
conclusion from the data presented in Fig. 1 is that the wavy flow heat transfer 
characteristics of the three refrigerants are essentially equivalent. 
Figure 2 compares the annular flow heat transfer coefficients of R-22, R-134a, and 
R-32/R-125. The data are for a mass flux of 220 klbm/ft2_hr, and were primarily in the 
annular flow regime for each of the refrigerants. At low qualities, the R-32/R-125 mixture 
had slightly higher heat transfer coefficients than R-22 and R-134a, although some of this 
data was wavy-annular. R -134a had the highest heat transfer coefficients at high qualities. 
On average, R-22 appeared to have slightly lower heat transfer coefficients than R-134a 
and R-32/R-125. This is consistent with the predictions of the annular flow correlation. 
When considering the experimental uncertainty of the data, though, one can conclude that 
any differences in the annular flow heat transfer performance of the three refrigerants is 
very small. 
Figure 3 compares the frictional pressure drop for the three refrigerants at a mass 
flux of 220 klbn/ft2-hr. The highest pressure drop was experienced with R-134a, followed 
in order by R-22 and R-32/R-125. When compared to R-22, the average frictional 
pressure drop for R-134a was about 25% higher, while the average frictional pressure drop 
for R-32/R-125 was about 35% lower. The 25% increase in pressure drop for R-134a 
over R-22 compares quite well to the 25% increase predicted by the Souza correlation. The 
35% decrease in pressure drop which was observed for R-32/R-125 was somewhat higher 
than the 25% decrease predicted by the Souza correlation. Some selected comparisons of 
the Souza correlation with the R-32/R-125 data indicated that it tended to overestimate the 
experimentally observed values, possibly because the reduced pressure was outside the 
range for which the correlation was developed. It compared quite well to experimental 
condensation data for both R-134a and R-22, however. 
Figure 4 compares the experimental and predicted Nusselt numbers for the three 
refrigerants for data in the annular flow pattern. This includes all data with values of the 
Froude number, Fr, greater than or equal to 15. As can be seen from the plot, nearly all of 
the data is predicted within ±15%. The mean deviation between the experimental and 
predicted values of the Nusselt numbers was 5.5% for R-134a, 7.2% for R-32/R-125, and 
9.3% for R-22. The good agreement with the R-32/R-125 and R-22 data lends confidence 
in the correlation, since it was developed based on R-l34a data only. 
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Figure 5 compares measured and predicted values of the Nusselt number for the 
three refrigerants in the wavy flow regime. For R-22 and R-134a, the agreement is very 
good, with mean deviations of 9.6% and 6.4%, respectively. The R-32/R-125 showed 
slightly higher deviations from the correlation, with a mean deviation of 12.7%. The R-
32/R-125 deviations appeared quite random, with no systematic under or overprediction. 
Further study of this phenomena will be made. 
SUMMARY AND CONCLUSIONS 
Experimental condensation data for R-22 and two potential replacements, R-134a 
and a 60/40, azeotropic blend of R-32/R-125 have been reported. These data have been 
compared with one another, and with existing correlations for the annular and wavy flow 
regimes. The difference in heat transfer and pressure drop with the three refrigerants can 
be explained adequately based on the differences in their thermodynamic and transport 
properties. The following conclusions can be made. 
Reduced Pressure 
1. At a given temperature, the reduced pressure of the R-32/R-125 mixture is highest, 
followed by R-22 and R-134a. This results in wavy-stratified flow persisting to higher 
mass fluxes and/or qualities for R-32/R-125, followed sequentially by R-22 and R-134a. 
Annular Flow Heat Transfer 
2. The annular flow correlation predicts essentially identical heat transfer performance for 
the three refrigerants at constant mass flux. This was confirmed experimentally. 
3. At constant cooling capacity in the annular flow regime, R-134a should have about 4% 
higher heat transfer coefficients than R-22, while R-32/R-125 should have about 6% lower 
heat transfer coefficients than R-22. 
4. The annular flow condensation correlation predicts the heat transfer coefficients of all 
three refrigerants with a mean deviation of less than 10%, and can thus be used with a high 
degree of confidence. 
Wavy Flow Heat Transfer 
5. The wavy flow correlation predicts that the three refrigerants should have heat transfer 
coefficients within 5% of one another. This was observed experimentally, and should be 
valid for either a constant mass flux or constant cooling capacity comparison. 
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6. The wavy flow correlation predicts the heat transfer perfonnance of both R -22 and R-
134a with mean deviations of less than 10%. The mean deviation from the R-32/R-125 
data was around 13%. 
Pressure Drop 
7. The predicted pressure drop at constant mass flux is around 30% higher for R-134a 
than R-22, and around 20% lower for R-32/R-125 than R-22. This is primarily because of 
the differences in reduced pressure. 
8. At constant cooling capacity, the predicted pressure drop is about 38% higher for R-
134a than for R-22, and about 34% lower for R-32/R-125 than for R-22. 
9. The Souza correlation predicts the pressure drop very well for both R-22 and R-134a at 
condensation temperatures, while it tends to overestimate the pressure drop for R-32/R-
125. 
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Table 2a - Condensation Data for R-22 at T=35 C, SI Version 
1.84 2328 128 1024 10986 0.362 
41.7% 1.81 2456 135 805 13771 0.238 
64.7% 2.88 2374 131 585 16615 0.151 
153 18.1% 26.3% 3.09 1838 101 3017 9025 1.148 2.2 
151 35.6% 26.5% 2.62 2192 120 2348 17581 0.502 5.8 
153 51.9% 27.0% 2.22 2638 145 1779 25906 0.276 10.5 
148 73.9% 30.1% 2.34 2705 149 938 35717 0.116 16.4 
152 82.5% 29.8% 2.20 2928 162 648 40883 0.074 17.7 
11.7% 1 
295 20.3% 20.9% 4.96 1763 97 5670 19548 1.004 5.2 
305 25.4% 21.9% 4.60 2073 113 5464 25484 0.761 7.6 
295 30.1% 21.3% 4.16 2145 118 4975 28970 0.628 9.1 
293 40.8% 23.0% 4.44 2165 119 4192 39090 0.410 14.2 
295 41.3% 21.1% 3.49 2534 139 4179 39770 0.402 14.6 
303 43.4% 22.7% 3.78 2583 142 4133 43006 0.372 16.2 
293 63.2% 21.8% 3.17 2879 158 2605 60600 0.180 29.1 
297 65.4% 25.4% 3.23 3323 183 2487 63375 0.166 31.1 
303 65.9% 22.2% 2.84 3376 186 2496 65214 0.162 32.5 
297 90.1% 24.0% 2.30 4392 242 710 87350 0.040 50.0 
505 22.6% 15.8% 4.31 2648 145 9405 37199 0.891 10.5 
504 24.0% 17.0% 3.85 3206 177 9272 39325 0.841 11.3 
509 32.9% 15.7% 3.19 3658 200 8198 54636 0.557 18.2 
505 38.8% 16.6% 2.86 4242 233 7450 63837 0.444 23.0 
509 48.8% 16.3% 2.67 4539 249 6266 81200 0.305 33.4 
504 52.2% 16.0% 2.50 4697 257 5794 86005 0.271 36.7 
504 68.5% 16.8% 2.15 5786 317 3823 113020 0.145 59.6 
493 74.9% 16.6% 2.24 5305 291 2975 120683 0.109 69.6 
506 77.3% 14.9% 1.93 5691 311 2764 127708 0.097 76.5 
493 92.2% 18.0% 1.80 7071 389 927 148549 0.032 108.9 
506 93.0% 16.5% 1.83 6556 360 860 153627 0.029 111.6 
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Table 2b - Condensation Data for R-22 at T=95 F, IP Version 
56 44.2% 39.8% 3.31 410 
55 55.8% 41.7% 3.26 433 135 13771 
55 67.9% 64.7% 5.19 418 131 16615 
109 
112 18.1% 26.3% 5.57 324 101 3017 9025 1.148 2.2 
III 35.6% 26.5% 4.71 386 120 2348 17581 0.502 5.8 
112 51.9% 27.0% 4.00 465 145 1779 25906 0.276 10.5 
109 73.9% 30.1% 4.21 476 149 938 35717 0.116 16.4 
112 82.5% 29.8% 3.97 516 162 648 40883 0.074 17.7 
11. 1644 1.827 2.5 
216 20.3% 20.9% 8.93 311 97 5670 19548 1.004 5.2 
224 25.4% 21.9% 8.27 365 113 5464 25484 0.761 7.6 
216 30.1% 21.3% 7.49 378 118 4975 28970 0.628 9.1 
215 40.8% 23.0% 7.99 381 119 4192 39090 0.410 14.2 
216 41.3% 21.1% 6.28 446 139 4179 39770 0.402 14.6 
222 43.4% 22.7% 6.81 455 142 4133 43006 0.372 16.2 
215 63.2% 21.8% 5.71 507 158 2605 60600 0.180 29.1 
218 65.4% 25.4% 5.82 585 183 2487 63375 0.166 31.1 
222 65.9% 22.2% 5.11 595 186 2496 65214 0.162 32.5 
218 90.1% 24.0% 4.14 774 242 710 87350 0.040 50.0 
9405 37199 0.891 10.5 
370 24.0% 17.0% 6.93 565 177 9272 39325 0.841 11.3 
373 32.9% 15.7% 5.74 644 200 8198 54636 0.557 18.2 
370 38.8% 16.6% 5.14 747 233 7450 63837 0.444 23.0 
373 48.8% 16.3% 4.81 799 249 6266 81200 0.305 33.4 
370 52.2% 16.0% 4.49 827 257 5794 86005 0.271 36.7 
370 68.5% 16.8% 3.87 1019 317 3823 113020 0.145 59.6 
361 74.9% 16.6% 4.03 934 291 2975 120683 0.109 69.6 
371 77.3% 14.9% 3.47 1002 311 2764 127708 0.097 76.5 
361 92.2% 18.0% 3.23 1245 389 927 148549 0.032 108.9 
371 93.0% 16.5% 3.29 1155 360 860 153627 0.029 111.6 
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Table 3a - Condensation Data for R-134a at T=35 C, SI Version 
74 25.2 42.6 2.10 1925 118 1339 5804 0.668 4.3 
75 28.1 52.0 2.69 1853 114 1307 6536 0.587 5.1 
75 32.7 52.2 2.61 1911 118 1221 7608 0.482 6.2 
75 41.2 64.1 2.89 2154 133 1078 9663 0.347 8.3 
77 44.0 44.0 1.84 2357 145 1044 10510 0.313 9.2 
76 48.4 64.9 2.75 2310 143 956 11461 0.267 10.0 
74 48.4 56.8 2.36 2286 140 918 11128 0.265 9.7 
77 65.1 52.6 1.99 2615 161 649 15544 0.143 13.6 
151 16.7 23.5 3.26 1404 87 3050 7869 1 
149 18.1 18.3 2.35 1500 92 2963 8402 0.979 5.6 
149 20.9 30.1 3.87 1502 92 2857 9770 0.827 7.0 
150 28.3 24.2 2.44 1903 117 2620 13291 0.580 10.6 
154 30.3 24.2 2.70 1784 110 2597 14536 0.531 12.0 
149 35.4 16.4 1.76 1770 109 2336 16480 0.431 14.6 
149 38.3 34.7 3.73 1796 111 2230 17841 0.385 16.5 
151 40.7 24.4 2.39 1975 122 2174 19127 0.353 18.1 
149 49.0 26.0 2.31 2171 133 1844 22863 0.259 24.3 
154 54.5 24.2 2.10 2292 141 1697 26134 0.213 29.5 
151 54.6 25.2 2.30 2159 133 1664 25818 0.212 29.4 
149 69.2 27.0 2.13 2448 151 1115 32209 0.121 41.3 
153 70.7 21.7 1.84 2364 144 1072 33947 0.112 45.1 
305 20.5 18.8 4.31 1742 
300 28.4 20.8 3.28 2498 153 4456 35930 0.383 34.4 
305 40.2 20.6 3.19 2579 159 4430 38366 0.358 37.6 
303 58.3 20.6 2.45 3356 205 3039 55309 0.184 68.3 
300 59.8 22.0 2.58 3355 206 2917 56001 0.175 70.2 
298 68.1 22.0 2.41 3576 219 2294 63514 0.126 88.3 
303 79.3 21.5 2.06 4172 256 1514 75261 0.074 126.0 
298 90.5 22.8 1.94 131.4 
504 7.5% 10.6% 5.12 1378 84 11241 11817 2.393 6.1 
502 7.6% 11.8% 5.15 1431 88 11264 11955 2.368 6.2 
499 12.4% 12.8% 4.44 1846 113 10561 19374 1.446 12.0 
504 19.9% 14.3% 3.85 2443 150 9763 31410 0.872 23.2 
501 21.5% 12.7% 3.38 2530 155 9431 33761 0.795 25.9 
507 33.7% 12.8% 2.57 3439 210 8036 53503 0.455 50.0 
501 35.6% 15.5% 2.86 3602 221 7785 55826 0.423 53.5 
504 44.2% 13.3% 2.13 4304 262 6708 69890 0.305 74.9 
507 47.8% 15.5% 2.41 4389 269 6378 75972 0.268 85.9 
497 57.5% 13.0% 1.78 4990 303 5023 89548 0.188 113.4 
504 58.8% 15.8% 2.18 4937 303 5015 92837 0.180 120.2 
507 65.8% 12.1% 1.51 5607 339 4085 104737 0.136 149.7 
497 72.0% 16.1% 1.94 5594 342 3346 112220 0.105 174.5 
501 73.3% 13.4% 1.54 5914 360 3180 114988 0.100 178.4 
507 79.5% 15.2% 1.71 6117 373 2486 126465 0.072 225.4 
501 88.3% 16.5% 1.69 6572 403 1416 138424 0.040 292.2 
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Table 3b - Condensation Data for R-134a at T=95 F, IP Version 
54 25.2 42.6 3.78 339 118 1339 5804 0.668 4.3 
55 28.1 52.0 4.84 326 114 1307 6536 0.587 5.1 
55 32.7 52.2 4.70 337 118 1221 7608 0.482 6.2 
55 41.2 64.1 5.20 379 133 1078 9663 0.347 8.3 
56 44.0 44.0 3.31 415 145 1044 10510 0.313 9.2 
56 48.4 64.9 4.95 407 143 956 11461 0.267 10.0 
54 48.4 56.8 4.25 403 140 918 11128 0.265 9.7 
56 65.1 52.6 3.58 461 161 649 15544 0.143 13.6 
111 16.7 23.5 5.87 247 87 3050 7869 1.066 5.1 
109 18.1 18.3 4.23 264 92 2963 8402 0.979 5.6 
109 20.9 30.1 6.97 265 92 2857 9770 0.827 7.0 
110 28.3 24.2 4.39 335 117 2620 13291 0.580 10.6 
113 30.3 24.2 4.86 314 110 2597 14536 0.531 12.0 
109 35.4 16.4 3.17 312 109 2336 16480 0.431 14.6 
109 38.3 34.7 6.71 316 111 2230 17841 0.385 16.5 
111 40.7 24.4 4.30 348 122 2174 19127 0.353 18.1 
109 49.0 26.0 4.16 382 133 1844 22863 0.259 24.3 
113 54.5 24.2 3.78 404 141 1697 26134 0.213 29.5 
111 54.6 25.2 4.14 380 133 1664 25818 0.212 29.4 
109 69.2 27.0 3.83 431 151 1115 32209 0.121 41.3 
112 70.7 21.7 3.31 416 144 1072 33947 0.112 45.1 
224 20.5 18.8 7.76 307 107 
220 28.4 20.8 5.90 440 153 4456 35930 0.383 34.4 
224 40.2 20.6 5.74 454 159 4430 38366 0.358 37.6 
222 58.3 20.6 4.41 591 205 3039 55309 0.184 68.3 
220 59.8 22.0 4.64 591 206 2917 56001 0.175 70.2 
219 68.1 22.0 4.34 630 219 2294 63514 0.126 88.3 
222 79.3 21.5 3.71 735 256 1514 75261 0.074 126.0 
219 90.5 22.8 3.49 822 287 1.4 
370 7.5% 10.6% 9.21 243 84 11241 11817 2.393 6.1 
368 7.6% 11.8% 9.27 252 88 11264 11955 2.368 6.2 
366 12.4% 12.8% 7.98 325 113 10561 19374 1.446 12.0 
370 19.9% 14.3% 6.93 430 150 9763 31410 0.872 23.2 
367 21.5% 12.7% 6.08 446 155 9431 33761 0.795 25.9 
372 33.7% 12.8% 4.62 606 210 8036 53503 0.455 50.0 
367 35.6% 15.5% 5.15 634 221 7785 55826 0.423 53.5 
370 44.2% 13.3% 3.83 758 262 6708 69890 0.305 74.9 
372 47.8% 15.5% 4.34 773 269 6378 75972 0.268 85.9 
365 57.5% 13.0% 3.20 879 303 5023 89548 0.188 113.4 
370 58.8% 15.8% 3.92 870 303 5015 92837 0.180 120.2 
372 65.8% 12.1% 2.72 988 339 4085 104737 0.136 149.7 
365 72.0% 16.1% 3.48 985 342 3346 112220 0.105 174.5 
367 73.3% 13.4% 2.77 1042 360 3180 114988 0.100 178.4 
372 79.5% 15.2% 3.09 1077 373 2486 126465 0.072 225.4 
367 88.3% 16.5% 3.05 1157 403 1416 138424 0.040 292.2 
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Table 4a - Condensation Data for R-32/R-I25 at T=35 C, SI Version 
1 1 
74 35.5% 64.6% 3.68 1907 100 1640 8445 0.606 2.4 
76 46.4% 61.8% 3.76 1838 96 1419 11431 0.404 3.7 
75 57.5% 63.6% 3.55 1953 102 1100 13842 0.270 4.8 
77 65.8% 71.2% 3.70 2165 113 914 16226 0.199 5.5 
151 17.4% 36.7% 4.92 1661 87 4314 8483 1.438 1.8 
147 29.7% 35.9% 3.42 2278 119 3562 14131 0.765 3.8 
149 40.4% 38.6% 3.55 2385 125 3073 19427 0.502 6.0 
149 51.3% 37.2% 3.43 2382 124 2508 24724 0.337 8.8 
147 60.4% 42.0% 3.64 2506 131 2020 28813 0.242 11.4 
154 72.8% 39.1% 3.33 2643 138 1448 36191 0.146 17.0 
300 15.9% 8.9% 2.03 2011 105 8742 15383 1.589 3.3 
302 28.4% 12.7% 2.31 2497 129 7374 28000 0.798 7.7 
30S 40.8% 16.9% 2.75 2802 146 6258 40777 0.489 13.1 
304 56.6% 18.4% 2.60 3177 165 4537 55925 0.276 21.9 
301 70.0% 19.5% 2.55 3397 177 3104 68339 0.164 31.8 
299 84.9% 22.2% 2.65 3710 193 1553 82428 0.074 49.4 
300 95.9% 24.8% 2.74 4020 209 421 93892 0.020 47.5 
50s 1 4.21 2079 lOS 15811 
503 22.2% 12.9% 3.21 3092 161 13464 36232 1.086 9.0 
505 32.1% 13.2% 2.85 3513 183 11806 52565 0.690 15.3 
504 42.2% 16.5% 2.89 4313 223 9938 69372 0.461 23.4 
504 51.6% 17.1% 2.81 4583 236 8293 84969 0.326 32.2 
504 59.2% 20.1% 3.17 4735 247 7085 96762 0.251 39.8 
505 71.3% 19.4% 2.69 5402 281 4990 116876 0.155 56.4 
507 84.0% 20.5% 2.80 5492 286 2796 138107 0.079 82.6 
50s 91.0% 21.4% 2.65 6069 315 1577 148555 0.045 103.8 
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Table 4b - Condensation Data for R-32/R-125 at T=95 F, IP Version 
64.6% 6.62 336 100 1640 8445 0.606 2.4 
61.8% 6.77 324 96 1419 11431 0.404 3.7 
63.6% 6.40 344 102 1100 13842 0.270 4.8 
71.2% 6.66 381 113 914 16226 0.199 5.5 
1 87 1 1.8 
108 29.7% 35.9% 6.16 401 119 3562 14131 0.765 3.8 
109 40.4% 38.6% 6.38 420 125 3073 19427 0.502 6.0 
109 51.3% 37.2% 6.17 420 124 2508 24724 0.337 8.8 
108 60.4% 42.0% 6.54 441 131 2020 28813 0.242 11.4 
113 72.8% 39.1% 6.00 466 138 1448 36191 0.146 17.0 
220 15.9% 
222 28.4% 12.7% 4.16 440 129 7374 28000 0.798 7.7 
226 40.8% 16.9% 4.95 493 146 6258 40777 0.489 13.1 
223 56.6% 18.4% 4.69 559 165 4537 55925 0.276 21.9 
220 70.0% 19.5% 4.59 598 In 3104 68339 0.164 31.8 
219 84.9% 22.2% 4.76 653 193 1553 82428 0.074 49.4 
220 95.9% 24.8% 4.92 708 209 421 93892 0.020 47.5 
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369 22.2% 12.9% 5.78 545 161 13464 36232 1.086 9.0 
370 32.1% 13.2% 5.12 619 183 11806 52565 0.690 15.3 
370 42.2% 16.5% 5.21 760 223 9938 69372 0.461 23.4 
370 51.6% 17.1% 5.06 807 236 8293 84969 0.326 32.2 
369 59.2% 20.1% 5.70 834 247 7085 96762 0.251 39.8 
370 71.3% 19.4% 4.85 951 281 4990 116876 0.155 56.4 
372 84.0% 20.5% 5.03 967 286 2796 138107 0.079 82.6 
373 91.0% 21.4% 4.77 1069 315 15n 148555 0.045 103.8 
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Table Sa - Condensation Data for R-32/R-125 at T=4S C, SI Version 
1670 
1799 
2191 
1 7761 1.741 1 
155 25.5% 31.8% 3.15 2131 124 4556 11913 1.077 2.7 
153 39.2% 35.6% 3.22 2250 131 3665 18116 0.605 5.1 
152 54.8% 37.5% 2.80 2696 157 2720 25162 0.344 8.6 
152 63.5% 57.8% 4.67 2516 146 2191 29278 0.248 11.1 
ISO 69.7% 38.5% 3.11 2447 142 1796 31648 0.192 13.1 
299 13.7% 14.7% 3.91 1506 88 10265 12374 2.147 2.3 
297 24.7% 18.4% 3.51 2099 123 8925 22009 1.128 5.1 
297 35.1% 19.6% 3.19 2472 144 7625 31475 0.711 8.6 
295 49.4% 22.8% 3.31 2702 158 5921 43985 0.418 14.4 
294 60.0% 27.4% 3.73 2890 167 4634 53427 0.282 20.0 
296 73.6% 28.3% 3.64 . 3060 178 3089 65844 0.162 29.6 
295 78.0% 31.1% 3.85 3161 184 2570 69505 0.131 33.4 
294 87.0% 30.9% 3.42 3508 204 1520 76356 0.076 42.6 
512 7.8% 11.0% 4.39 1801 105 18683 12067 3.776 1.9 
508 18.5% 11.8% 3.37 2529 147 16367 28373 1.555 6.0 
505 27.6% 14.7% 3.43 2942 172 14547 41947 0.980 10.5 
496 39.3% 17.8% 3.45 3407 199 11997 58711 0.608 17.3 
508 48.8% 19.5% 3.32 4000 233 10281 75003 0.425 25.0 
495 66.9% 23.3% 3.39 4529 265 6531 99952 0.218 41.6 
494 83.1% 24.2% 3.45 4566 268 3337 123145 0.099 66.0 
502 91.3% 24.2% 3.18 4974 292 1743 135070 0.052 85.6 
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Table 5b - Condensation Data for R-32/R-125 at T=113 F, IP Version 
3 2129 
45.7% 1463 
51.4% 317 1437 
62.9% 386 1193 
1 255 84 5093 1.741 1.5 
114 25.5% 31.8% 5.68 375 124 4556 11913 1.077 2.7 
112 39.2% 35.6% 5.80 396 131 3665 18116 0.605 5.1 
111 54.8% 37.5% 5.03 475 157 2720 25162 0.344 8.6 
112 63.5% 57.8% 8.41 443 146 2191 29278 0.248 11.1 
110 69.7% 38.5% 5.61 431 142 1796 31648 0.192 13.1 
219 13.7% 14.7% .03 
218 24.7% 18.4% 6.33 370 123 8925 22009 1.128 5.1 
218 35.1% 19.6% 5.73 435 144 7625 31475 0.711 8.6 
216 49.4% 22.8% 5.96 476 158 5921 43985 0.418 14.4 
215 60.0% 27.4% 6.71 509 167 4634 53427 0.282 20.0 
217 73.6% 28.3% 6.55 539 178 3089 65844 0.162 29.6 
216 78.0% 31.1% 6.94 557 184 2570 69505 0.131 33.4 
216 87.0% 30.9% 6.15 618 204 1520 76356 0.076 42.6 
376 7.8% 11.0% 7.90 12067 .776 1.9 
372 18.5% 11.8% 6.07 445 147 16367 28373 1.555 6.0 
370 27.6% 14.7% 6.18 518 172 14547 41947 0.980 10.5 
363 39.3% 17.8% 6.22 600 199 11997 58711 0.608 17.3 
372 48.8% 19.5% 5.97 704 233 10281 75003 0.425 25.0 
363 66.9% 23.3% 6.10 798 265 6531 99952 0.218 41.6 
362 83.1% 24.2% 6.21 804 268 3337 123145 0.099 66.0 
368 91.3% 24.2% 5.72 876 292 1743 135070 0.052 85.6 
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Figure 1 - Comparison of wavy flow heat transfer data for R-22, R-134a, and R-32/R-125 
at 0=55 klbm/ft2-hr and Tsat=95 DF. 
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Figure 2 - Comparison of annular flow heat transfer data for R-22, R-134a, and 
R-32/R-125 at 0=220 klbm/ft2-hr and TSal=95 DF. 
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Figure 3 - Comparison of pressure drop data for R-22, R-134a, and 
R-32/R-125 at 0=220 klbm/ft2-hr and Tsat=95 of. 
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Figure 4 - Comparison of experimental Nusselt numbers and predicted values 
for the annular flow regime. 
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Figure 5 - Comparison of experimental Nusselt numbers and predicted values 
for the wavy flow regime. 
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